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ABSTRACT
Introduction: A decrease in postural control and proprioception is a common result of lower limb amputa-
tion. However, postural control adaptation in Paralympic sitting volleyball players with lower limb amputation 
is not yet understood. Objective: The purpose of this cross-sectional controlled study was to investigate static 
and dynamic postural control in sitting volleyball players with unilateral transfemoral amputation. Methods: 
Sixteen subjects participated in the study, eight of whom were amputees with unilateral transfemoral amputa-
tion (amputee group: age: 33.5 ± 5.6 years, weight: 77.7 ± 5.3 kg, height: 179.4 ± 5.3 cm) and eight physically 
active non-amputees (control group age: 27.2 ± 8.4 years, weight: 82.7 ± 6.6 kg, height: 178.7 ± 6.1 cm). Static 
and dynamic postural control was evaluated using the Neurocom® Balance Master System platform (Modified 
Clinical Test of Sensory Interaction on Balance, Limits of Stability, Rhythmic Weight Shift, Sit-to-Stand, Walk 
Across, and Step and Quick Turn). Statistical analyses were performed with the Shapiro-Wilk test, Levene’s test, 
and Student’s t-test for paired samples (p <0.05). Results: The amputee group demonstrated impaired postural 
control in all tests when compared to the control group (p <.05) for all postural tests except for the rhythmic 
change and sit-to-stand tests (p >.05). Conclusion: Despite training in sitting volleyball, our results demonstrated 
that amputees have poorer postural control in both static and dynamic tasks when compared to physically active 
non-amputees. Level of Evidence II; Prognostic Studies—Investigating the Effect of a Patient Characteristic 
on Disease Outcome / Retrospectivef Study.
Keywords: Amputees; Postural balance; Sports.
RESUMO
Introdução: Uma diminuição no controle postural e propriocepção é um resultado comum da amputação dos 
membros inferiores. No entanto, a adaptação do controle postural nos jogadores paralímpicos de vôlei sentado 
com amputação de membros inferiores ainda não é compreendida. Objetivo: O propósito desse estudo transversal 
controlado consistia em investigar o controle postural estático e dinâmico em jogadores de vôlei sentado com am-
putação transfemoral unilateral. Métodos: Dezesseis indivíduos participaram do estudo, oito deles eram amputados 
com amputação transfemoral unilateral (grupo amputado: idade: 33,5 ± 5,6 anos, peso: 77,7 ± 5,3 kg, altura: 179,4 
± 5,3 cm) e oito eram fisicamente ativos não-amputados (idade do grupo controle: 27,2 ± 8,4 anos, peso: 82,7 ± 6,6 
kg, altura: 178,7 ± 6,1 cm). O controle postural estático e dinâmico foi avaliado usando a plataforma Neurocom® 
Balance Master System (Teste Clínico Modificado de Interação Sensorial no Equilíbrio, Limites de Estabilidade, Variação 
Rítmica de Carga, Sentado para de Pé, Marcha na Plataforma e Passo com Inversão Rápida). As análises estatísticas 
foram realizadas com o teste Shapiro-Wilk, o teste de Levene e o teste t de Student para amostras pareadas (p <0,05). 
Resultados: O grupo de amputados demonstrou comprometimento do controle postural em todos os testes quando 
comparado ao grupo controle (p<0,05) em todos os testes posturais, com exceção dos testes de Variação Rítmica e 
Sentado para de Pé (p>0,05). Conclusão: Apesar do treinamento no vôlei sentado, nossos resultados demonstraram que 
os amputados apresentam um controle postural mais precário tanto em tarefas estáticas como dinâmicas, quando 
comparados com os não-amputados fisicamente ativos. Nível de Evidência II; Estudo prognóstico - investigar o 
efeito da característica do paciente no resultado de uma doença/Estudo Retrospectivo.
Descritores: Amputados; Equilíbrio postural; Esportes. 
RESUMEN
Introducción: Una disminución en el control postural y propiocepción es un resultado común de la amputación 
de los miembros inferiores. Sin embargo, la adaptación del control postural en los jugadores paralímpicos de vóley 
sentado con amputación de miembros inferiores aún no es comprendida. Objetivo: El propósito de ese estudio 
transversal controlado consistía en investigar el control postural estático y dinámico en jugadores de vóley sentado 
con amputación transfemoral unilateral. Métodos: Dieciséis individuos participaron en el estudio, ocho de ellos eran 
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amputados con amputación transfemoral unilateral (grupo amputado: edad: 33,5 ± 5,6 años, peso: 77,7 ± 5,3 kg, 
altura: 179,4 ± 5,3 cm) y ocho eran físicamente activos no amputados (edad del grupo control: 27,2 ± 8,4 años, peso: 
82,7 ± 6,6 kg, altura: 178,7 ± 6,1 cm). El control postural estático y dinámico fue evaluado usando la plataforma Neuro-
com® Balance Master System (Test Clínico Modificado de Interacción Sensorial en el Equilibrio, Límites de Estabilidad, 
Variación Rítmica de Carga, Sentado para de pie, Marcha en la Plataforma y Paso con Inversión Rápida). Los análisis 
estadísticos fueron realizados con el test Shapiro-Wilk, el test de Levene y el test t de Student para muestras pareadas 
(p <0,05). Resultados: El grupo de amputados demostró compromiso del control postural en todos los tests cuando 
comparado al grupo control (p<0,05) en todos los tests posturales, con excepción de los tests de variación rítmica y 
sit-to-stand (p>0,05). Conclusión: A pesar del entrenamiento en el vóley sentado, nuestros resultados demostraron 
que los amputados presentan un control postural más precario tanto en tareas estáticas como dinámicas, cuando 
comparados con los no amputados físicamente activos. Nivel de Evidencia II; Estudio pronóstico - investigar el 
efecto de la característica del paciente en el resultado de una enfermedad/Estudio Retrospectivo.
Descriptores: Amputados; Balance postural; Deportes.
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INTRODUCTION
A decrease in postural control and proprioception is a common 
result of lower-limb amputations. Proprioceptive afferents from the 
ankle, knee, and cutaneous inputs from the plantar soles play key roles 
in adjusting the upright human stance and gait.1,2 Due to the absent limb 
affecting the range of displacement, new movement patterns and visual 
feedback are essential to preserve postural control.3 Nevertheless, most 
amputees with satisfactory muscle strength who attend a rehabilitation 
program can almost completely regain their functional independence 
by using a prosthetic device.3,4
Sports and physical activity may improve physical function and 
overall quality of life in lower limb amputees.5 Practicing sitting vol-
leyball, in general requires increased upper and lower limb muscular 
strength, endurance, power, and postural control. Sitting volleyball 
players need good conditioning, muscle strength, coordination of the 
extremities, and good postural control to be competitive.4,6 However, 
the mechanism of postural control adaptation in sitting volleyball 
amputees is unknown.
Previous studies7 showed that amputees were impaired in many 
aspects of postural control has evaluated static postural control 
in amputee (transfemoral and transtibial amputation) and non-
-amputee subjects with biometric photogrammetry. It was found 
that transtibial amputees presented significant lateral oscillation, 
while transfemoral amputees presented greater anteroposterior 
oscillation, compared to the control group. Authors8 described 
these findings as an inability to transfer power the prosthetic leg. 
In addition, some researchs9 showed that transtibial amputees 
presented poorer directional control and were slower to move their 
center of gravity (COG) than the control group. These findings are 
in agreement with the review3 which demonstrated that amputees 
had dynamic postural control impairments in the majority of the 
reviewed studies. 
To date, there is no documentation of the static and dynamic pos-
tural control in amputees that are also active sitting volleyball players. 
Based on these previous studies, we hypothesized that the amputee 
group would present impaired static and dynamic postural control 
when compared to able-bodied subjects. Therefore, the objective of 
this cross-sectional controlled study was to compare the static and 
dynamic postural control of amputees that participated in sitting 
volleyball with able-bodied subjects. The information about how 
postural control is affect in this population could help clinicians to 
include specific balance training, focused on static or dynamic tasks, 
applied to sitting volleyball practice.
METHODS
Study design
This cross-sectional controlled study was designed and approved by 
the Ethics Committee of the School of Health Sciences at the University 
of Brasília (UnB) (N11911/12).
Subjects
The sample was recruited for convenience.Sample size was de-
termined a priori using G*Power (version 3.1.3; University of Trier, Trier, 
Germany)10 with the level of significance set at p = 0.05 and power (1-β) 
= 0.805 in order to detect a large effect (f2> 0.47). We conducted a pilot 
study with 5 amputee subjects in each group to evaluate the effect size 
for the main dependent variable (static and dynamic postural control). 
Based on these a priori calculations and the pilot study, the final sample 
size was selected.
Participated in this study eight amputees with unilateral transfemoral 
amputation, sitting volleyball athletes who have played for a minimum 
of 5 years with amputation caused by trauma or neoplasia who have 
adapted to the use of a suitable prosthesis (11.7 ± 2 years). Subjects in this 
group were excluded if they had prior neuromuscular disorders and/or 
vascular impairments, or if they were adapting to a new prosthesis. All 
the amputees practiced sitting volleyball as a part of the Association 
of Special Physical Education Training Center (CETEFE) in Brasília, Brazil.
The control group included eigth able-bodied subjects (non-amputee) 
who were physically active (performed activities such as volleyball, 
resistance training and running). Subjects self-reported activity levels 
using the International Physical Activity Questionnaire (IPAQ). Participants 
reported vigorous aerobic-type exercise for at least 20 minutes three 
or more times per week, moderate-intensity activity five or more times 
per week, or walking at least 30 minutes per day.  All subjects signed 
the informed consent form.
The evaluation of the postural control of all subjects was conducted 
at the Movement Analysis Laboratory of the Physical Therapy Course of 
the University of Brasilia. 
Experimental procedure
The subjects were evaluated using the Balance Master System (BMS) 
(Neurocom International, Inc Clackamas, OR, USA), with version 8.2 
operating software. The BMS allows evaluation of various tasks invol-
ving postural control by providing visual feedback to the participant. 
The equipment consists of two platforms (140 cm x 43 cm) connected, 
with four load sensors placed at the end of each platform to detect 
pressure. The platforms had a interface with a monitor set at eye level. 
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The BMS provided the vertical forces detected on the platform in the 
anterior-posterior and medial-lateral directions as well as combined 
directions. A computer recorded the data measurements, analyzed the 
information, and generated a printed report. 
Static postural control test 
Modified Clinical Test of Sensory Interaction on Balance (mCTSIB) 
- This test assessed the oscillation speed (degrees per second) of the 
subject’s center of gravity while standing in double support. The subjects 
position their feet, in accordance to the instructions on the screen, for 
10 seconds, under four conditions: eyes open on stable surface, eyes 
closed on a stable surface, eyes open on an unstable surface and eyes 
closed on an unstable surface.
Dynamic postural control tests
Limits of stability (LOS): This test assessed the maximum distance 
that the subject could shift their center of gravity without moving their 
feet while maintaining stability. The subjects were instructed to move as 
quickly and precisely as possible towards each of the eight targets presen-
ted on the screen in front of them. Other measures assessed during this 
test included: reaction time, movement speed, maximum excursion and 
directional control. Rhythmic Weight Shift (RWS): Quantifies the subject’s 
ability to rhythmically move their center of gravity (COG) from left to right 
and forward to backward between two targets at three distinct speeds: 
slow, medium and fast. The measured parameter was the on-axis COG 
velocity.Sit-to-Stand (STS): evaluates the subject’s time to go from sitting 
to standing position in one single repetition. The measured parameters 
were weight transfer time and COG sway velocity. Walk Across (WA): 
Quantifies gait characteristics: width and step length, average gait speed 
and symmetry of pace length. The subjects were instructed to cross the 
platform with, at least, two steps. Measured parameters were average step 
length and speed. Step/Quick Turn test (SQT): Measures stability during 
180 degrees (°) turn, which quantified stated time and oscillation of the 
center of gravity during the rotation. The SQT required the subject take 
two step forward, turn 180° to left or right and then return to the starting 
position. The variables were turn time and turn sway.
The subjects performed all tests on the same day, each test was perfor-
med three times and the mean values obtained in each trial were recorded.
Statistical analysis
All values were reported as mean± SD. We used parametric tests 
given that the data were normally distributed (Shapiro-Wilk test) and 
had homogeneous variances (Levene’s test). Student’s t-Tests (indepen-
dent samples) were conducted for all variables. All statistical analysis 
were performed using SPSS (IBM Corp. Released 2012. IBM Statistics for 
Windows, Version 21.0. Armonk, NY: IBM Corp.). Anα value of 0.05 was 
used in all statistical evaluations.The effect sizes (d) and power of the 
analyzes were calculated using G.Power 3.1.9.2.
RESULTS
Sixteen individuals were assessed for eligibility, eight amputees (8 
male, age: 33.5 ± 5.6 years old, weight: 77.7 ± 5.3 Kg, height: 179.4 ± 5.3 
cm) and eight controls (8 male, age: 27.2 ± 8.4 years old, weight: 82.7 
± 6.6 Kg, height: 178.7 ± 6.1 cm). There were no differences (p>0.05) 
between age, height and weight of the amputee and control groups. 
Static postural control
During the stable and unstable surface test with open eyes and 
with the eyes closed (mCTSIB), the amputee group presented increased 
sway velocity of the center of gravity (p<0.05) compared to the control 
group (Figure 1). 
Dynamic postural control
The results of WA and STS tests are presented in figure 2 (A and B), 
respectively. In the WA test, amputee group showed smaller average 
step length (54.2±7.62 cm) compared to control group (79.2±8.7 cm) 
and slower walking speed (59.3±11.09 cm/s) compared to control group 
(76±11.1 cm/s), both differences statistically significant (p<.05)and with 
power of 99.9% and 80%, respectively.. 
In the STS test, the weight transfer control values of the ampu-
tee group (0.42±0.28sec) were not significantly different from the 
control group (0.5±0.2sec) (p>.05; power = 9%). The amputee group 
also showed significative increased COG sway velocity (6±1°/s) 
compared to the nonamputee group (3.1±1.1°/s) (p <0.05; d = 2,76 
and power = 99,9%).
Figure 1. Static postural control speed oscilation (degrees/ seconds) results compa-










*significant difference between groups (p<0.05).
Figure 2. A) Walk Across test results comparing step length in centimeters (cm) 
and gait speed in centimeters per seconds (cm/s). B) Sit-to-Stand test presented 
by weight transfer in seconds (s) and center of gravity sway velocity in degrees per 
seconds (°/s). Error bars indicate standard deviations.
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During RWS no significant difference was found (p>.05) for speed 
of the movement on both axes (Table 1). LOS test showed significant 
difference between groups considering the reaction time variable, mo-
vement velocity and directional control (p <.05). Amputee group also 
showed worst performance in SQT Test, demanding more execution 
time and a greater sway to turn 180º both right and left side. The results 
of this dynamic test are presented in Table 1.
The results showed that the amputee group during the static and 
dynamic tests, had worse performance when compared to the control 
group, except for the tests RWS and STS. 
controlling movements performed in diagonal patterns and the diffi-
culty of managing new anticipatory adjustments. These movements 
require greater muscle coordination to compensate for the rotational 
perturbations induced by the neuromotor asymmetry caused by the 
loss of the lower limb.2
The STS test evaluated the time required to voluntarily move 
the COG forward, starting and ending in a sitting position with the 
weight transferred completely on the feet. This parameter was not 
impaired in the amputee group in comparison to the control group, 
because the satisfactory performance on this test requires a rapid 
COG movement forward, which can be obtained by a rapid and 
controlled movement of the trunk. This ability is likely well developed 
in sitting volleyball as the trunk will play a major role in that specific 
athletic performance by taking over many of the functions of the 
lower limbs, transferring force to the upper limbs, and maintaining 
postural control during athletictraining.12
Previous studies have shown that individuals with lower limb am-
putation with a sedentary lifestyle had a balance deficiency compared 
to non-amputees. This might be related to greater reliance on visual 
information, and the decreased availability of proprioceptive information 
to control posture after amputation.7 Despite this information, studies 
comparing the postural control of amputee athletes with physically 
active able-bodied subjects are scarce, and the few studies found, did 
not mention if the controls were sedentary or physically active. This in-
formation is important because it is well established that physical activity 
can modify many parameters, including postural control.13 Addressing 
this issue, our study compared amputee athletes to physically active 
able-bodied subjects, which may have resulted in a greater difference 
in postural control variables between groups.
The most commonly practiced sports amongst lower-limb amputees 
are swimming, gymnastics, cycling and walking.14 We only found two 
studies that discuss the postural control of soccer players who were be-
low-knee amputees with crutches, the athletes showed better postural 
control compared to the sedentary group.4 Another study comparing 
static and dynamic postural control in amputee soccer players compared 
to non-amputee subjects, found that the amputee soccer players also 
presented postural instability as a direct result of amputation and not 
simply as a result of physical inactivity.4,15
Finally, we believe that amputees should be encouraged to take 
part in sports given their importance to wellness and quality of life. 
Our results emphasize an important issue related to sports practice 
among amputees, which is that the postural control deficit is not 
completely resolved by enhancing balance. We observed that du-
ring the performance of RWS, which had similar demands to sitting 
volleyball, like moving their center of gravity in different directions, 
the amputee group showed similar results to the control group. 
Some limitations of this study include the lack of homogeneity of the 
amputee group considering the type, time of use, and adaptation 
to the prosthesis. Also, this study focused on static and dynamic 
postural control at the orthostatic position, future studies must add 
evaluations concerning sitting balance because of its relevance to 
the sport investigated by the study. 
It appears that the practice of the sport itself cannot solve the exis-
ting postural control deficits. Further balance practice of performing 
volitional postural movements, for example using low-cost gaming 
tools, may improve balance ability and postural control in these patients. 
Additional studies are necessary for possible generalization, especially 
those that compared the effects of a specific postural control and pro-
prioceptive training program to the routine of sedentary and athletes 
with transfemoral amputations.
Table 1. Values of dynamic tests Rythmic Weight Shift (RWS), Limits of Stability (LOS) 
and Step/Quick Turn (SQT).
Dynamic Tests
Dynamic postural control Controls Amputees Effectsize Power
Rhythmic Weight Shift (RWS)
On-Axis Velocity Left/Right (°/s) 5.6±1.3 5.56±1.1 0.03 5%
On-Axis Velocity Front/Back (°/s) 3.5±0.7 3.1±0.5 0.65 23%
Limits of Stability (LOS)
Reaction Time (s) 0.57±0.11 0.81±0.1* 2.28 98.8%
Movement Velocity (°/s) 5.6±1.1 3.2±1.2* 2.08 97%
Directional Control (%) 71.16±5.9 63.3±6.1* 1.31 68%
Step/QuickTurn (SQT)
Turn Time Left Side (s) 1.07±0.4 2.25±0.42* 2.88 99.9%
Turn Sway Left Side (°) 24.1±8.4 39.5±4.2* 2.32 99%
Turn Time Right Side (s) 1.01±0.3 2.34±0.39* 3.82 99.9%
Turn Sway Right Side (°) 25.4±7.5 46.6±4.7* 3.39 99.9%
Values are reported as mean (± SD). *Indicates a significant difference (P<0.05).
DISCUSSION
To our knowledge, this is the first demonstration of static and dynamic 
postural control in amputees volleyball players sitting. Confirming our 
initial hypothesis, our results clearly demonstrate that amputees present 
deficits in postural control compared to the able-bodied subjects. In both 
static and dynamic tests, subjects in the amputees group demonstrated 
greater impairment compared to the control group. 
The static postural test results are in line with some studies,7,11 who 
also evaluated the static postural control of lower limb amputees com-
pared with able-bodied subjects, and showed that amputees had worse 
postural control. However, most studies were conducted with amputees 
with different anatomical amputation levels (transtibial) or evaluated 
static postural control alone. The dynamic tests showed deficits in the 
postural control of the amputee group compared to the control group, 
which may result from the combination of two factors: 1) the absence of 
the proprioceptive inputs from the knee and ankle and, 2) the specificity 
of the sport activity. Sitting volleyball training emphasizes movement 
of the trunk and the proximal region of the lower limbs12 while many 
functional tasks, as tested in this study, require distal movement of the 
ankles and knees. Therefore, it seems that the practice of the sport alone 
is insufficient to promote proper postural control maintenance in lower 
limb amputee subjects.
There were only two tests that showed no significant difference 
between groups: RWS and STS. Although the RWS and the LOS are 
dynamic tests, the LOS test resulted in a poorer performance from 
the amputee group. This difference may be due to the LOS parameter 
being measured as an average of eight different speeds and directions, 
including diagonal movements. On the other hand, the RWS test is mea-
sured only by motion velocities in the two aforementioned directions. 
There is a significant probability that the difference in movement speed 
demonstrated between study groups in the LOS test was not due to 
the inability to generate rapid movements, but due to the difficulty of 
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CONCLUSIONS
Our results clearly demonstrated that sitting volleyball players who 
are amputees presented poorer static and dynamic postural control 
during balance tasks compared to physically active non-amputees. No 
differences were observed in amputees compared to controls for two 
tests, STS and RWS, which are correlated with skills required for sitting 
volleyball practice. Balance training, including static and dynamic pos-
tural control tasks, should be considered into the physical preparation 
routine of sitting volleyball amputees athletes.
All authors declare no potential conflict of interest related to this article
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